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Abstract 

Medical professionals involved at intraoperative fluoroscopy are exposed to low doses of the occupational 
radiation exposures. The biological effects of chronic low-dose radiation on human health are complex and have 
not been well established. The aim of the present study is to follow up hematological parameter changes during 2 
years in medical professionals exposed to ionization radiation in operating rooms. 

22 medical professionals (medical specialists and technicians), chronically exposed to ionizing radiation of 
mobile C-Arm X ray machine, were selected. The seven hematological parameters were examined each time. 
The statistical analyses were done by Student’s t test and one way ONOVA test. 

The data analysis led to the following observations: (1) the present study incorporated that the basic 
hematological parameters including the mean value of red blood cells (P=0.90), white blood cells (P=0.68), and 
platelets count (P=0.45) did not show a significant difference between two years. (2) The mean values 
corpuscular hemoglobin concentration, corpuscular hemoglobin, and hematocrit parameters were found 
disturbed low or high in some of medical professionals but their means were not significantly different between 
two measurements. (3)A statistically significant relation in mean value of RBCs with the duration of exposure 
and sex were observed.  

It seems that, hematological parameters survey could not be a reliable test as the biological indicator of long term 
exposure to very low dose of radiation exposure in medical professionals which their physical dosimetry values 
are lower than dose limits.  
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1. Introduction 

Medical specialists and technicians in the intraoperative fluoroscopy are exposed to long-term of low-level 
radiation during surgical procedures (orthopedic, neurosurgery, urology). These exposures to the surgical team 
typically come from primary or scatter radiation. The exposure rate for radiation scatter from a mobile C-Arm 
machine at 2 foot distance from the radiation field is approximately 5millirem/min at 2. Some studies indicated 
that primary radiation received by medical professionals (MPs) during mobile C-Arm fluoroscopy maybe higher 
than predicted (Singer, 2005). Often, it is essential that they remain close to the radiation field and therefore 
cannot use distance to reduce radiation exposure. Numerous studies (Clerinx, Buls, Bosmans, & De Mey, 2008; 
Klein et al., 2010; Shortt, Al-Hashimi, Malone, & Lee, 2007; Whitby & Martin, 2014) revealed that the 
occupational radiation doses to the medical specialists and other technicians working with the fluoroscopy are 
rising health concern. 

Over the last several years, there was a trend to investigate the biological effects of the radiation using 
hematological, biochemical, and cytogenetic parameters (Ossetrova, Sandgren, Gallego, & Blakely, 2010). These 
investigations have demonstrated that stochastic effects may appear after the exposure to low level radiation 
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(Elgazzar & Kazem, 2015). Deterministic effects are well-known and often need higher radiation doses than 
received by MPs. (Yang et al., 1995) Therefore the concern and unawareness of MPs are related to the stochastic 
effects of long-term exposure to low-dose radiation. The risk of stochastic effects such as cancer increase by 
dose without threshold (Muirhead et al., 2009; Venneri et al., 2009). Long-term exposure to low doses of 
ionizing radiation can affect proliferating cells (Fliedner, Graessle, Meineke, & Feinendegen, 2012) and tissues. 

Currently monitoring of long-term exposure of low doses ionizing radiation consists of regular physical 
dosimetry and also periodic hematological examinations. Some investigations have shown that individual 
dosimeter might considerably underestimate the real effective dose because theirs reading does not account the 
radiation exposure of unshielded parts of the body (Siiskonen, Tapiovaara, Kosunen, Lehtinen, & Vartiainen, 
2014; von Boetticher, Lachmund, & Hoffmann, 2008). The cells and tissues greatly differ in radiosensitivity. It is 
important to know that even very low doses radiation may cause radiobiological effects in tissues. Therefore, 
follow-up of certain specific radiobiological effects provides additional information which complements physical 
dosimetry and assist better evaluation of radiation effects. 

Some of the hematopoietic cells which are very radiosensitive may indicate radiobiological effects of long-term 
radiation exposure (Smirnova, 2010). Actually, the blood cells count is commonly used as a biodosimeter for 
occupational exposure (Vorobiev, 1997). The aim of this study was to assess the hematological parameters 
changes during two years, in medical specialists and technicians, who are being exposed to long-term radiation 
from intraoperative fluoroscopy.  

2. Materials and Methods 

2.1 Selection of the Participants 

The study was carried out on 3 medical specialists (including Neurologist, Orthopedic surgeon, and Urologist) 
and 19 technicians (including nurses, anesthesia and operating room staffs) who were chronically exposed to 
radiation of mobile C-Arm machine in operating rooms of Shahid Beheshti Hospital of Yasuj. 10 men and 12 
women were included in this study. The population were divided in three groups, <30, 31-40 and >41, based on 
their distributions. This hospital performed about more 160 intra-operative fluoroscopies in surgical procedures 
(orthopedic, neurosurgery, and urology) per month at the time of this study. A questionnaire including 
demographic characteristics, medical history such as cancer, as well as chronic diseases, history of smoking 
(subjects who smoked up to 10 cigarettes per day were accepted as smokers) and alcohol consumption were 
filled by interview for all of the individuals. Each individual who were participated signed an informed consent.  

2.2 Exclusion Criteria 

Subjects with gross anemia, known history of diabetes mellitus, cardiopulmonary disease, acute or chronic 
infection, autoimmune disease and malignancy, subjects with current or previous history of smoking or alcohol 
consumption were excluded from the study. MPs which solely were exposed to low dose of ionizing radiation in 
the fluoroscopic procedures at the operating rooms of Shahid Beheshti Hospital of Yasuj were included in the 
study. 

2.3 Hematological Methods 

Blood samples of all individuals were collected (2ml of blood from each subject) by venipuncture in a disposable 
syringe and blood was transferred to a tube containing ethylene diamine tetra acetic acid (EDTA) in a 
concentration of 1.5mg/ml. Hematological parameters (HPs) were measured by an electronic cell counter 
(Sysmex coulter counter, USA) at laboratory of Yasuj Shahid Beheshti Hospital. Seven HPs were considered for 
this study including white blood cells (WBC), red blood cells (RBC), and platelet count (PLT), hematocrit 
(HCT), mean corpuscular hemoglobin concentration (MCHC), and mean corpuscular hemoglobin (MCH) and 
hemoglobin (Hb) which were measured in all subjects. These parameters were compared from 2014 to 2016 
years.  

2.4 Occupational History 

Occupational radiation histories were determined by film badge dosimeter recordings for each MPs which were 
measured bimonthly by Parsian Radiation Dosimetry Services Company as directed by the Atomic Energy 
Organisation of Iran. The data were available in their personal records at Shahid Beheshti Hospital. The MPs 
were protected against radiation by using mobile lead barriers. Also several types of personal shield were used 
by the medical professionals in this study. 
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2.5 Statically Analysis 

The means of quantitative variables were compared with the independent sample t-test and one-way ANOVA in 
software SPSS-21. The p values lower than 0.05 assumed as significant. 

3. Results 

The focus of this study was on the medical professionals’ HPs through cell blood count (CBC) test. The 
participants were being long-term exposed to ionizing radiation of mobile C-Arm x-ray machine and their mean 
age was 36.84±6.09 years. The film badge records for all of the MPs were under 0.05 milisivert bimonthly from 
2014 to 2016. The mean values of examined parameters from 2014 to 2016 are presented in Table 1. We 
observed that collective mean values of HPs are within the normal range for MPs. Table 1 shows the mean 
values of WBCs and RBCs count aren’t significantly difference between two years with p=0.90 and p=0.68, 
respectively. 

 

Table 1. Hematological findings from medical professionals during 2014- 2016 

HPs High low 
Mean ± SD

(2014 ) 

Mean ± SD

(2016) 
Normal 
range p-value

WBCs(103/Cmm) 

RBCs(106/Cmm) 

PLT(103/Cmm) 

Hb(g/L) 

HCT(%) 

MCH(pg) 

MCHC(g/dl) 

- - 6.72 ± 1.02 6.76 ± 1.30 4-10 0.90

- 3 4.69 ±.49 4.62 ±.58 4-6 0.68

- 5 205.57±56.67 194.26±43.38 140-400 0.45

5 7 13.64 ±1.54 13.99 ±1.60 12-16 0.47

2 12 38.74 ± 4 40.97 ± 4.27 36-46 0.08

5 3 29.14 ± 1.93 30.40 ± 2.46 26-32 0.06

16 3 35.46 ± 2.33 34.32 ± 1.67 32-36 0.06

Hb: Hemoglobin, WBCs: White Blood Cells, PLT: Platelet Count, HCT: Hematocrit, RBCs: Red Blood Cells, 
MCH: Mean Corpuscular Hemoglobin, MCHC: MCH Concentration 

 

Our result indicated that the WBC counts are within the normal range for all individuals .The PLT and RBC 
counts for 5 and 3 individuals were lower than normal range, respectively. The MCH, MCHC, and HCT 
parameters were found in the higher and lower normal range for some of the MPs, occasionally. But the Hb 
parameter was found in the lower and higher range for 5 and 7 individuals, respectively. One way ONOVA test 
demonstrated that, there is no significant difference in the mean value of HPs with age groups. 

Tables 2 and 3 show the means values comparison of RBCs, WBCs and platelet count in MPs on the basis of 
difference in duration of the ionizing radiation exposure and sex in MPs. 

 

Table 2. Association between mean value of blood cells and duration of exposure in medical professionals 

HPs Duration of exposure (Mean ± SD ) p-value 

WBCs 
 
 
RBCs 
 
 
PLT 

<10 
11-15 
>16 
<10 
11-15 
>16 
<10 
11-15 
>16 

6. 88 ± 1.37
6.79 ± 1.28 
6.59 ± 1.17 
4.21 ±.42 
4.71 ± .49 
4.82 ± .54 
209.12±38.23 
202.40±48.20 
189.92±59.36 

0.84 
 
 
0.02 
 
 
0.65 

RBCs: Red Blood Cells, WBCs: White Blood Cells, PLT: Platelet Count, HPs: Hematological Parameters 
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Table 3. Association between mean value of blood cells and sex in medical professionals 

HPs Sex (Mean ± SD ) p-value 

WBCs 
F
M 

6. 97 ± 1.27
0.23 

6.52 ± 1.19

RBCs 
F
M 

4. 26 ±.42
0.00 

5.05 ± .28

PLT 
F
M 

208.68±46.49
0.23 

190.63±52.58

RBCs: Red Blood Cells, WBCs: White Blood Cells, PLT: Platelet Count, F: Female, M: Male, HPs: 
Hematological Parameters 

 

There were no significant difference between the mean values of WBCs and PLT in all duration of ionizing 
radiation exposure and gender of MPs The mean values of RBCs in women is significantly lower than men 
(p<0.001) and the RBC was decreased with duration of exposure (p=0.02). Although, the PLT count was lower 
for MPs which duration of ionizing radiation exposure were greater than 10 years, its decline did not obtain the 
significant level (p=0.65). 

4. Discussion 

Long-term exposure of MPs to low dose radiation has been observed by examining its effect on hematopoietic 
system. The effect of radiation on hematopoietic and immune system (Hrycek, Czernecka-Micińska, Kłuciński, 
& Badowski, 2002; Radiation, 2012) suggest that, long-term effects can disturb immunity of medical 
professionals by suppressing or stimulating the immune system and may induce various hematological diseases 
(Andreassi et al., 2005; Roguin, Goldstein, & Bar, 2012; Venneri et al., 2009). As shown by Table 1, our results 
demonstrated that most of the hematological parameters remained within the normal range. Variations in HCT, 
MCHC and MCH parameters have been noted. Maybe the variation of HCT, MCHC and MCH parameters is 
related to hemolysis of RBCs as a result of radiations (Yousuf, Mobin, & Leong, 2015) or RBCs deformability.  

Table 2 shows, a statistically significant relation between the mean RBCs value with sex, which may be as a 
result of the fact that, the RBCs count is higher in men than women and maybe it is not as the result of 
irradiation. Also the relation between the duration of exposure and RBCs count were significant which may be as 
a result of the age as a confounding factor. 

Although, the PLT count was lower in MPs with duration of exposure>10 years, but it was not statically 
significant. Decline in PLT count with duration of exposure>10 years was confirmed by Rozgaj et al (Rozgaj, 
Kašuba, Šentija, & Prlić, 1999). PLT play an essential role in blood clotting and wound healing, and they are a 
strong source of cytokines and growth factors (Semple, Italiano, & Freedman, 2011). Therefore, it is possible 
that reduction in PLT count of MPs with duration of exposure>10 years could affect these biological procedures 
(Billings, Romero-Weaver, & Kennedy, 2014). The results about mean value RBCs and WBCs are approved by 
Meo et all (Meo, 2004) and are conflicting with the other recent studies (Caciari et al., 2011). 

The radiobiological effect of hemopoietic system has been shown that it depends on both total absorbed dose, 
and the dose-rate or frequency of repetitive exposures (Fliedner et al., 2012). Limited data are available about 
effects of varying in dose-rates and accumulated dose (Fritz, 2002). Sanzari et all suggests that a significant 
decline in blood cell counts after ionizing radiation depends on dose (Sanzari, Cengel, Wan, Rusek, & Kennedy, 
2014) which is similar to findings in some studies that examined animals model after whole-body irradiation 
(El-Shanshoury, El-Shanshoury, & Abaza, 2016; Sanzari et al., 2013) or have been observed in human (Fliedner 
et al., 2012; Rozgaj et al., 1999). But disagreement of our results could be explained by the amount of radiation 
doses of participants which was too low to cause a statistically significant difference in examined parameters 
between two years. Due to the bimonthly recorded doses by film badge dosimeters, MPs were exposed to the 
well below accepted standards doses. 

Besides, some investigators have reported that, there is temporary hematopoietic recovery in healthy individuals 
after ionizing radiation exposures (Lushbaugh, Eisele, Burr Jr, Hubner, & Wachholz, 1990; Müller & Streffer, 
1991). As shown by El-Shanshoury et al (El-Shanshoury et al., 2016) and some others studying on animal 
models, the blood cells recover within several days and weeks after low dose radiation exposure. Moreover as 
shown by Seed et al, hematopoietic repair was increased in canines under variable levels of chronic radiation 
(Seed, 1996). They have reported that following the radiation exposures, blood cells count began to declining 
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and then began to rebound. The difference between the mean values of RBCs, WBCs and platelet count after 
recovery course in present of such chronic low dose radiation will not be significant in animal models. 

Pluripotent stem cells are master cells, which produce any cell or tissue that the body needs to repair itself, but 
these cells are quiet radiosensitive. Ionizing radiation exposure can damage stem cells of the hematopoietic 
system. Some investigators reported that tolerance to hematopoietic failure at low dose-rates is mainly unknown 
but probably linked to stem cell responses to radiation exposure (Fliedner et al., 2012). This might be explained 
by persistence of radio-resistant subpopulations within hematopoietic stem cells and progenitor cell 
compartments (Sidorov, Kimura, Yashin, & Aviv, 2009). 

The conflicts between our results and other studies are may be due to differences in radiation dose, and follow up 
duration of target group (MPs). The present study suggests that more studies with grater sample size and various 
follow up duration are required to study the long term effects of X-ray radiation on medical professionals’ HPs. 

5. Conclusion 

It appears that, working with C-Arm x-ray machine, with regard of radiation protection regulations, the 
hematological parameter cannot be a reliable survey as biomarker of long term exposure to very low doses of 
radiation exposure for MPs. 
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